Appendix A

Exposure Point Concentrations
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Table A-1. Summary of selected radionuclide exposure point concentrations.

Landfill Waste
Landfill Design Evaporation Pond Treatment Unit Acceptance
Inventory Design Inventory Design Inventory Criteria
Radionuclide (Ci/kg) (Ci/L) (Ci/kg) (Ci/kg)
Hydrogen-3 -- 9.06E - 09 -- -
Potassium-40 -- -- 1.76E - 08 --
Cobalt-60 1.93E - 07 -- -- 1.90E - 04
Strontium-/Y ttirum-90 2.29E - 05 -- 4.02E - 07 3.50E + 00
Technicium-99 -- 5.71E- 10 -- --
Iodine-129 -- 6.27E - 10 -- -~
Cesium-137 2.44E - 05 -- 4.30E - 07 2.30E + 00
Europium-152 9.68E - 07 -- -- 9.70E - 04
Europium-155 8.21E - 07 -- - 8.20E - 04
Europium-155 1.76E - 07 -- -- 1.80E - 04
Radium-226 -- - 1.56E - 09 --
Uranium-238 -- -- 4.18E - 09 --
Plutonium-238 2.33E-07 -- 1.53E - 08 1.00E - 05
Plutonium-239 6.66E - 09 -- -~ 6.70E - 06
Americium-241 2.38E-08 -- 1.27E - 09 1.00E - 05

-- Indicates that the radionuclide was not selected for the named exposure scenario location.




Table A-2. Summary of organic and inorganic exposure point concentrations.

Evaporation
Landfill Design Pond Design Treatment Unit Landfill Waste
Inventory Inventory Design Inventory Acceptance Criteria

Constituent (mg/kg) (mg/L) (mg/kg) (mg/kg)
Organic Compounds
1,1,1-Trichloroethane 1.57E-02 4.93E - 05 6.35E - 02 1.6E + 01
1,1,2,2-Tetrachloroethane 4.95E - 05 3.05E- 16 -- 5.0E-02
1,1,2-Trichloroethane 2.42E - 04 2.04E - 05 - 24E - 01
1,1-Dichloroethane 2.34E - 03 6.84E - 11 - 2.3E + 00
1,1-Dichloroethene 1.48E - 03 2.10E - 11 -- 1.5E + 00
1,2,4-Trichlorobenzene 1.14E - 02 7.39E - 08 - 1.1E + 01
1,2-Dichlorobenzene 1.14E - 02 6.46E - 116 -- 1.1E + 01
1,2-Dichloroethane 5.38E - 06 6.08E - 11 - 5.4E - 03
1,2-Dichloroethene (total) 324E-04 4.38E - 08 3.13E-04 3.2E-01
1,3-Dichlorobenzene 1.14E - 02 7.39E - 08 - 1.1E + 01
1,4-Dichlorobenzene 4.50E - 01 292E - 06 - 4.5E + 02
1,4-Dioxane 1.88E - 05 6.79E - 12 -- 1.9E - 02
2,4,5-Trichlorophenol 4.46E - 02 3.79E - 06 2.24E - 02 4.5E + 01
2,4,6-Trichlorophenol 1.83E - 02 3.60E - 05 8.87E - 03 1.8E + 01
2,4-Dichlorophenol 2.16E - 02 9.83E- 15 - 2.2E + 01
2,4-Dimethylphenol 1.83E - 02 891E - 61 8.87E - 03 1.8E + 01
2,4-Dinitrophenol 5.09E - 02 1.36E - 47 2.24E - 02 5.IE+01
2,4-Dinitrotoluene 1.14E - 02 3.22E-08 -- 1.1IE + 01
2,6-Dinitrotoluene 2.07E - 02 5.85E - 08 1.20E - 02 2.1E+01
2-Butanone 247E-02 1.1I9E - 02 522E-05 25E+01
2-Chloronaphthalene 1.14E - 02 2.13E- 12 -- 1.IE+01
2-Chlorophenol 1.83E - 02 1.24E - 181 8.87E - 03 1.8E + 01
2-Hexanone 2.70E - 03 1.30E - 03 - 2.7E + 00
2-Methylnaphthalene 5.12E-01 5.08E - 02 - S.1E+02
2-Methylphenol 2.06E - 02 3.52E - 37 8.87E - 03 2.1E+01
2-Nitroaniline 2.72E - 02 1.31IE-02 -- 1.0E - 01
2-Nitrophenol 1.83E - 02 9.05E - 27 8.87E - 03 1.8E +01
3,3'-Dichlorobenzidine 1.14E - 02 3.39E - 08 -- 1.LIE+01
3-Methyl Butanal 2.23E-04 1.08E - 04 -- 33E +04
3-Nitroaniline 2.72E-02 1.31E-02 -- 1.0E-01
4,6-Dinitro-2-methylphenol 4.46E - 02 347E - 16 2.24E - 02 4.5E + 01
4-Bromophenyl-phenylether 1.14E - 02 2.56E - 08 -- 8.5E + 04
4-Chloro-3-methylphenol 1.83E-02 1.81E - 03 8.87E - 03 9.6E + 04
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Table A-2. (continued).

Evaporation
Landfill Design Pond Design Treatment Unit Landfill Waste
Inventory Inventory Design Inventory Acceptance Criteria

Constituent (mg/kg) (mg/L) (mg/kg) (mg/kg)
4-Chloroaniline 4.08E - 02 4.05E-03 - 4.1E + 01
4-Chlorophenyl-phenylether 1.14E - 02 1.13E-03 -- 1.0E + 05
4-Methyl-2-Pentanone 2.96E - 02 5.05E - 37 1.08E - 01 3.0E + 01
4-Methylphenol 3.86E - 02 6.58E - 37 8.87E-03 39E +01
4-Nitroaniline 2.72E-02 1.31E-02 - 1.0E - 01
4-Nitrophenol 5.16E - 02 3.56E - 83 2.24E - 02 52E+01
Acenaphthene 2.02E-01 3.71E- 13 -- 2.0E+02
Acenaphthylene 2.07E - 02 5.22E - 10 1.20E - 02 2.1E+01
Acetone 6.20E - 01 4 46E - 113 1.86E - 00 5.0E +02
Acetonitrile 1.88E - 05 7.711E - 33 - 1.2E + 00
Acrolein 9.06E - 06 1.68E - 37 -- 5.5E-01
Acrylonitrile 9.06E - 06 3.63E - 26 - 5.8E - 01
Anthracene 320E-01 3.85E- 10 -- 32E+02
Aramite 1.15E - 04 2.58E - 10 - 6.7E + 00
Aroclor-1016 7.69E - 03 1.96E - 09 991E-03 7.7E + 00
Aroclor-1254 1.28E-01 3.28E - 08 7.31E-02 1.3E+ 02
Aroclor-1260 721E-01 1.84E - 07 - S5.0E + 02
Aroclor-1268 6.22E - 02 1.59E - 08 3.01E-02 6.2E + 01
Benzene 6.03E - 01 7.43E - 07 2.58E-00 5.0E + 02
Benzidine 291E-04 1.38E - 51 - 1.7E+01
Benzo(a)anthracene 2.53E - 01 3.38E- 15 -- 25E+02
Benzo(a)pyrene 1.05E - 01 423E- 16 -- 1.1E + 02
Benzo(b)fluoranthene 1.79E - 01 5.45E - 15 - 1.8E + 02
Benzo(g,h,i)perylene 1.14E - 02 8.24E - 16 -- 1.1IE+01
Benzo(k)fluoranthene 1.86E - 02 1.29E - 14 - 1.9E + 01
Benzoic acid 8.56E - 03 7.51E - 68 - 8.6E + 00
bis(2-Chloroethoxy)methane 1.14E - 02 5.49E - 03 -- 1.6E + 02
bis(2-Chloroethyl)ether 1.14E - 02 7.39E - 08 -- 1.1IE + 01
bis(2-Chloroisopropyl)ether 1.14E - 02 1.90E - 09 - 1.1E + 01
bis(2-Ethylhexyl)phthalate 1.47E - 01 2.31E-18 9.39E - 05 1.5E + 02
Butane, 1,1,3,4-Tetrachloro- 7.89E - 03 4.87E - 14 1.02E - 03 1.0E + 05
Butylbenzylphthalate 6.79E - 02 7.60E - 16 - 6.8E + 01
Carbazole 3.23E-02 3.21E-03 9.39E - 05 32E +01
Carbon Disulfide 4.55E - 02 1.99E - 298 1.82E-02 4.6E + 01



Table A-2. (continued).

Evaporation
Landfill Design Pond Design Treatment Unit Landfill Waste
Inventory Inventory Design Inventory Acceptance Criteria

Constituent (mg/kg) (mg/L) (mg/kg) (mg/kg)
Chlorobenzene 6.57E - 03 1.28E - 09 -- 6.6E + 00
Chloroethane 3.02E - 06 1.81E - 52 -- 1.5E - 01
Chloromethane 353E-04 3.50E - 05 -- 3.5E-01
Chrysene 2.65E - 01 2.66E - 14 -- 2.7E +02
Decane, 3,4-Dimethyl 1.61E - 04 7.79E - 05 -- 3.3E+04
Diacetone alcohol 4.32E - 00 7.37E - 35 5.57E - 01 1.0E + 05
Dibenz(a,h)anthracene 1.14E - 02 9.63E - 16 - 1.1IE + 01
Dibenzofuran 3.24E - 01 7.96E - 35 -- 32E+02
Diethylphthalate 1.14E - 02 1.74E - 13 -- 1.1IE+01
Dimethyl Disulfide 2.96E - 03 1.43E - 03 -- 33E+04
Dimethylphthalate 1.14E - 02 5.55E - 61 -- 1.1IE + 01
Di-n-butylphthalate 2.39E - 02 1.23E- 13 7.57E - 04 24E + 01
Di-n-octylphthalate 2.62E - 02 2.94E - 19 9.13E-04 2.6E + 01
Eicosane 2.83E-03 5.55E-35 3.65E - 04 1.0E + 05
Ethyl cyanide 1.88E - 05 9.08E - 06 -- 33E+04
Ethylbenzene 7.81E - 02 6.86E - 11 -- 7.8E + 01
Famphur 5.81E-05 451E- 12 - 1.0E + 05
Fluoranthene 7.62E - 01 5.57E- 10 -- 7.6E + 02
Fluorene 1.84E - 01 1.LI3E- 14 - 1.8E + 02
Heptadecane, 2,6,10,15-Tetra 3.44E - 03 1.66E - 03 4.44E - 04 33E+04
Hexachlorobenzene 1.14E - 02 4.04E - 09 -- 1.1IE+01
Hexachlorobutadiene 2.07E - 02 1.66E - 13 1.20E - 03 2.1E +01
Hexachlorocyclopentadiene 1.14E - 02 7.87E - 16 - 1.1E + 01
Hexachloroethane 1.14E - 02 4.38E- 10 -- 1.1IE+01
Indeno(1,2,3-cd)pyrene 1.14E - 02 1.54E - 31 -- 1.1IE+01
Isobutyl alcohol 1.88E - 05 2.18E - 105 -- 1.2E + 00
Isophorone 1.14E - 02 7.39E - 08 -- 1.L1IE+01
Isopropyl Alcohol/2-propanol 2.12E-03 1.53E- 115 -- 1.0E + 05
Kepone 9.92E - 02 1.30E - 10 -- 9.9E + 01
Mesityl oxide 8.48E - 02 1.44E - 36 1.09E - 02 1.0E + 05
Methyl Acetate 4.84E - 04 2.34E - 04 -- 4.8E - 01
Methylene Chloride 8.36E - 02 4.96E - 44 -- 2.7E + 01
Naphthalene 425E - 01 9.79E - 17 -- 43E + 02
Nitrobenzene 1.14E - 02 5.17E - 08 -- 1.1IE + 01
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Table A-2. (continued).

Evaporation
Landfill Design Pond Design Treatment Unit Landfill Waste
Inventory Inventory Design Inventory Acceptance Criteria

Constituent (mg/kg) (mg/L) (mg/kg) (mg/kg)
N-Nitroso-di-n-propylamine 1.14E - 02 6.07E - 08 -- 1.IE+ 01
N-Nitrosodiphenylamine 1.14E- 02 493E - 16 - 1.1IE+ 01
Octane,2,3,7-Trimethyl 1.61E - 04 7.79E - 05 - 33E+04
o-Toluenesulfonamide 5.06E - 03 2.44E - 03 6.52E - 04 33E+04
Pentachlorophenol 5.59E - 02 7.66E - 06 2.24E-03 5.6E + 01
Phenanthrene 1.17E - 00 8.97E - 06 -- 12E+03
Phenol 7.98E - 02 2.15E-122 8.87E - 04 8.0E + 01
Phenol,2,6-Bis(1,1-Dimethyl) 4.05E - 03 1.97E - 61 522E-04 1.0E + 05
p-Toluenesulfonamide 5.06E - 03 2.44E - 03 6.52E - 04 3.3E+04
Pyrene 2.53E-01 143E-08 - 2.5E + 02
RDX 0.00E + 01 0.00E + 00 - 1.0E + 01
Styrene 1.03E - 06 6.37E - 14 - 6.1E-02
Tetrachloroethene 9.64E - 03 2.74E - 07 2.49E - 03 9.6E + 00
Toluene 9.82E - 01 8.98E - 33 3.59E-01 5.0E + 02
Tributylphosphate 3.64E - 01 5.80E - 04 1.28E - 01 4.8E + 02
Trichloroethene 7.20E - 02 1.57E - 06 2.65E - 02 7.2E + 01
Trinitrotoluene 0.00E + 01 0.00E + 00 -- I.1E + 01
Undecane,4,6-Dimethyl- 1.61E - 04 7.79E - 05 -- 33E+02
Xylene (ortho) 3.88E-03 2.04E - 23 1.39E-03 3.9E + 00
Xylene (total) 3.45E - 00 1.81E - 20 1.01E - 00 5.0E + 02
Inorganic Compounds
Aluminum 7.08E + 03 5.37E-03 1L.1SE+ 04 1.6E + 05
Antimony 5.83E-00 1.31E-05 5.74E - 02 5.8E+03
Arsenic 5.65E - 00 5.61E-01 1.33E+ 01 5.8E+01
Barium 1.79E + 02 4.04E - 04 1.92E + 02 3.0E + 03
Beryllium 2.87E - 01 2.18E - 07 1.06E - 00 1.8E + 01
Boron 1.85E + 02 1.83E + 01 6.10E + 02 33E+03
Cadmium 3.59E - 00 8.07E - 06 1.32E - 00 3.6E + 03
Calcium 2.04E + 04 2.03E + 03 6.30E + 04 No Limit
Chloride 1.87E - 00 9.01E-01 6.35E - 00 33E+04
Chromium 4.12E + 01 9.26E - 05 3.64E + 01 4.1E + 04
Cobalt 6.04E - 00 1.36E - 05 1.11E + 01 1.1IE + 02
Copper 2.99E + 01 6.73E - 05 341E + 01 3.0E + 04
Cyanide 3.37E-01 1.63E - 01 -- 34E + 02
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Table A-2. (continued).

Evaporation
Landfill Design Pond Design Treatment Unit Landfill Waste
Inventory Inventory Design Inventory Acceptance Criteria

Constituent (mg/kg) (mg/L) (mg/kg) (mg/kg)
Dysprosium 5.93E + 01 4.50E - 05 -- 59E + 04
Fluoride 3.87E-00 1.87E + 00 1.24E + 01 3.9E + 03
Iron 1.02E + 04 7.7T7TE - 03 2.28E + 04 2.4E + 05
Lead 5.76E + 01 4.37E - 05 2.28E +01 58E+04
Magnesium 4.47E + 03 4.44E + 02 8.98E + 03 1.2E + 05
Manganese 2.07E + 02 4.65E - 04 4.14E + 02 4.9E + 03
Mercury 9.45E-00 7.17E - 06 2.50E - 00 9.5E + 03
Molybdenum 1.02E + 01 1.02E - 04 337E+01 1.0E + 04
Nickel 1.97E + 01 1.49E - 05 4.2]1E + 01 3.5E +02
Nitrate 3.93E-00 1.90E + 00 1.13E+ 01 39E + 03
Nitrate/Nitrite-N 2.22E-01 1.07E - 01 -- 33E+04
Nitrite 8.49E - 03 4.10E - 03 -- 8.5E + 00
Phosphorus 9.74E + 01 9.66E + 00 -- No Limit
Potassium 1.13E+ 03 1.13E- 02 1.99E + 03 4.3E + 04
Selenium 8.46E - 01 1.90E - 06 2.17E - 00 8.5E + 02
Silver 9.84E - 00 747E - 06 9.86E - 01 9.8E + 03
Sodium 2.11E+02 1.60E - 04 4.57E + 02 32E+03
Strontium 1.82E + 01 4.10E - 05 -- 1.8E + 04
Sulfate 2.05E + 01 991E + 00 6.99E + 01 33E+04
Sulfide 7.59E + 02 3.66E + 02 -- 33E+04
Terbium 573E +02 4.35E - 04 -- No Limit
Thallium 3.70E - 01 2.81E-07 8.09E - 03 43E + 00
Vanadium 2.12E + 01 2.11E + 00 4.59E + 01 4.5E + 02
Ytterbium 1.95E + 02 1.48E - 04 -- No Limit
Zinc 2.08E + 02 1.58E - 04 1.19E + 02 2.1E+ 05
Zirconium 6.91E + 01 3.11E - 10 2.26E + 02 No Limit
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Table B-4. Mass limit volatilization model.

(T x 315%107 5/ yr)

VF=Q/C

0, xd x10°% g/ Mg

Parameter (units) Symbol Value
Average Source Depth (m) d 3.35
Exposure Interval (yr) T_mass 25
Inverse mean concentrations at center of a square
source (g/m2-s per kg/m3) Q_over_C_mass 68.81
Dry bulk soil density (Mg/ms) D_mass 1.5
Mass Limit Volatilization Factor 1.08E+04
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Table C-2. Evaluation of design inventory radionuclide contribution to external exposure.

External Exposure % of Total
Rate Exposure
Radionuclide Radiations Emitted (mR/h) Rate

Ac-225 By 1.9426E - 09 0.00%
Ac-227 B,y 5.7182E - 10 0.00%
Ac-228 By 3.3106E - 01 0.00%
Ag-108m B,y 7.5773E - 01 0.01%
Am-241 o,B,y 9:1166E - 02 0.00%
Am-242m 0By 2.5402E - 09 0.00%
Am-243 0By 5.5987E - 06 0.00%
Be-10 B N/A
Bi-210 By N/A
Bi-211 oB,y 1.0250E - 02 0.00%
Bi-212 o,B,y 6.2640E - 02 0.00%
Bi-213 0B,y 4.0997E - 09 0.00%
C-14 By | 1.4587E + 00 0.01%
Cd-109 By N/A
Cd-113m By N/A
Ce-144 B,y 1.4086E - 04 0.00%
Cm-243 B,y 1.3559E - 06 0.00%
Cm-244 0B,y 4.8802E - 09 0.00%
Co-57 By 1.1170E - 04 0.00%
Co-60 By 3.7901E + 02 2.67%
Cs-134 By 1.1683E + 01 0.08%
Cs-135 B N/A
Cs-137 By 8.6227E + 03 60.65%
Eu-152 B,y 2.3904E + 03 16.81%
Eu-154 B,y 2.3040E + 03 16.21%
Eu-155 B,y 4.9507E + 02 3.48%
Fr-221 B,y 7.0978E - 10 0.00%
Fr-223 By 3.0514E - 08 0.00%
H-3 B N/A
Ho-166m B,y 1.0977E - 05 0.00%
I-129 By 1.6517E - 02 0.00%
K-40 By 2.4394E - 01 0.00%
Nb-93m Y 3.1196E - 04 0.00%
Nb-94 By 9.2909E - 06 0.00%
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Table C-2. (continued).

External Exposure % of Total
Rate Exposure
Radionuclide Radiations Emitted (mR/h) Rate
Np-237 o,B.y 3.7642E - 02 0.00%
Np-238 B,y 2.5747E - 07 0.00%
Np-239 B,y 1.6502E - 04 0.00%
Np-240 By 6.3302E - 06 0.00%
Pa-231 o,B.y 2.7922E - 02 0.00%
Pa-233 By 1.2400E - 05 0.00%
Pa-234 By 1.3563E - 05 0.00%
Pa-234m By N/A
Pb-209 B,y 1.5163E - 04 0.00%
Pb-210 oy 6.4613E - 07 0.00%
Pb-211 oy N/A
Pb-212 o 3.4474E - 01 0.00%
Pb-214 oy N/A
Pd-107 B 3.5741E - 03 0.00%
Pm-146 B.y N/A
Pm-147 B 2.7072E - 06 0.00%
Po-210 oY 29117E-10 0.00%
Po-211 oy N/A
Po-212 o N/A
Po-213 o 2.6453E - 05 0.00%
Po-214 oy N/A
Po-215 o N/A
Po-216 o N/A
Po-218 o 4.6670E - 11 0.00%
Pu-236 o,B,y 1.0217E - 03 0.00%
Pu-238 o,B,y 8.2742E - 05 0.00%
Pu-239 o,B,y 7.1539E - 06 0.00%
Pu-240 B,y N/A
Pu-241 o,B,y 1.0071E - 09 0.00%
Pu-242 oy 7.8149E - 06 0.00%
Ra-223 By 2.0678E - 06 0.00%
Ra-224 B,y 1.1157E - 10 0.00%
Ra-225 By 1.0008E - 03 0.00%
Ra-226 B,y N/A
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Table C-2. (continued).

External Exposure % of Total
Rate Exposure
Radionuclide Radiations Emitted (mR/h) Rate
Rb-87 B N/A
Rh-102 By N/A
Rn-219 o.B,y 5.7470E - 07 0.00%
Rn-220 oY 4.7102E - 05 0.00%
Rn-222 oy 1.0349E - 04 0.00%
Ru-106 B,y 1.5365E - 03 0.00%
Sb-125 B,y 1.0300E + 01 0.07%
Sb-126 By 1.3241E - 01 0.00%
Se-79 B N/A
Sm-147 o N/A
Sm-151 B,y 3.8290E - 04 0.00%
Sn-119m By 6.1848E - 10 0.00%
Sn-121m By N/A
Sn-126 Y 1.7381E - 02 0.00%
Sr-90 B N/A
Tc-98 By 1.5725E - 07 0.00%
Tc-99 B 5.9083E - 07 0.00%
Te-125m By - 3.3926E - 02 0.00%
Th-227 By 6.1330E - 06 0.00%
Th-228 By 7.5053E - 05 0.00%
Th-229 0B,y 1.1061E - 08 0.00%
Th-230 B,y 1.3710E - 05 0.00%
Th-231 B,y 3.0672E - 03 0.00%
Th-232 B,y 4.9651E - 06 0.00%
Th-234 By 2.8354E - 03 0.00%
TI-207 By 3.0902E - 08 _ 0.00%
T1-208 B,y 6.4397E - 01 0.00%
TI-209 By 1.7683E - 09 0.00%
U-232 By 2.5445E - 08 0.00%
U-233 B,y 1.2446E - 09 0.00%
U-234 oY 1.3460E - 04 0.00%
U-235 oY 5.1322E- 02 0.00%
U-236 B,y 2.6568E - 06 0.00%
U-238 o,B,y 2.1643E - 05 0.00%
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Table C-2. (continued).

External Exposure % of Total
Rate Exposure
Radionuclide Radiations Emitted (mR/h) Rate
Y-90 B N/A
Zr-93 B N/A
TOTALS: 1.4217E + 04 100.00%
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Table C-3. Evaluation of design inventory radionuclide contribution to internal dose from inhalation.

Dose Rate For Inhalation
Radionuclide Radiations Emitted (mrem/h) % of Total Dose Rate
Ac-225 o,B,y 4.0971E - 14 0.00%
Ac-227 0B,y 1.2264E - 08 0.00%
Ac-228 B,y 4.1550E - 09 0.00%
Ag-108m By 9.5945E - 09 0.00%
Am-241 0B,y 9.5333E - 04 8.74%
Am-242m B,y 1.8074E - 09 0.00%
Am-243 By 1.3361E - 08 0.00%
Be-10 B 2.7411E - 14 0.00%
Bi-210 By 3.7902E - 09 0.00%
Bi-211 0By 0.0000E + 00 0.00%
Bi-212 o,B,y 1.8698E - 10 0.00%
Bi-213 0By 4.0971E - 17 0.00%
C-14 B,y 1.4213E - 10 0.00%
Cd-109 B.y 5.5327E - 15 0.00%
Cd-113m B,y 1.9445E - 07 0.00%
Ce-144 By 4.3348E - 11 0.00%
Cm-243 0By 9.4753E - 11 0.00%
Cm-244 0By 4.3292E - 08 0.00%
Co-57 B,y 1.2659E - 12 0.00%
Co-60 B,y 1.5471E - 06 0.01%
Cs-134 By 2.6912E - 08 0.00%
Cs-135 B 8.5951E - 12 0.00%
Cs-137 By 2.9320E - 05 0.27%
Eu-152 B,y 1.1611E - 05 0.11%
Eu-154 B,y 9.8500E - 06 0.09%
Eu-155 By 4.7047E - 07 0.00%
Fr-221 aBy 0.0000E + 00 0.00%
Fr-223 By 8.5849E - 17 0.00%
H-3 B 1.4869E - 10 0.00%
Ho-166m By 9.2578E - 14 0.00%
1-129 By 3.4614E - 08 0.00%
K-40 By 1.1502E - 09 0.00%
Nb-93m Y 1.0279E - 09 0.00%
Nb-94 By 1.0597E - 13 0.00%
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Table C-3. (continued).

C-28

Dose Rate For Inhalation
Radionuclide Radiations Emitted (mrem/h) % of Total Dose Rate
Np-237 o,B.y 3.8583E - 05 0.35%
Np-238 B,y 8.7200E - 16 0.00%
Np-239 B,y 4.0083E - 14 0.00%
Pa-231 o,B,y 8.3755E - 09 0.00%
Pa-233 By 1.7422E - 11 0.00%
Pa-234 By 9.4011E - 17 0.00%
Pa-234m By 0.0000E + 00 0.00%
Pb-209 B,y 2.0486E - 19 0.00%
Pb-210 oy 5.6852E - 07 0.01%
Pb-211 oy 8.1761E - 15 0.00%
Pb-212 a 1.2465E - 09 0.00%
Pb-214 oy 1.4213E - 10 0.00%
Pd-107 B 3.6711E - 12 0.00%
Pm-146 By 3.4862E - 11 0.00%
Pm-147 B 9.1590E - 07 0.01%
" Po-210 oLy 1.8951E - 07 0.00%
Po-211 oy 0.0000E + 00 0.00%
Po-212 o 0.0000E + 00 0.00%
Po-213 o 0.0000E + 00 0.00%
Po-214 oY 0.0000E + 00 0.00%
Po-215 o 0.0000E + 00 0.00%
Po-216 a. 0.0000E + 00 0.00%
Po-218 . 0.0000E + 00 0.00%
Pu-236 By 6.6352E - 11 0.00%
Pu-238 B,y 8.0023E - 03 73.37%
Pu-239 By 2.6649E - 04 2.44%
Pu-240 By 6.0006E - 05 0.55%
Pu-241 oB.y 5.1123E - 05 0.47%
Pu-242 oy 8.2512E - 09 0.00%
Ra-223 0B,y 7.0081E - 12 0.00%
Ra-224 0B,y 6.6352E - 11 0.00%
Ra-225 By 1.7559E - 14 0.00%
Ra-226 B,y 1.8951E - 07 0.00%
Ra-228 B 3.7395E - 08 0.00%



Table C-3. (continued).

Dose Rate For Inhalation
Radionuclide Radiations Emitted (mrem/h) % of Total Dose Rate
Rb-87 B 1.3379E - 15 0.00%
Rh-102 B,y 1.1891E - 13 0.00%
Rn-219 o8,y 0.0000E + 00 0.00%
Rn-220 oy 1.8698E - 12 0.00%
Rn-222 oy 1.1370E - 11 0.00%
Ru-106 B.y 2.9139E - 10 0.00%
Sb-125 B,y 4.4510E - 09 0.00%
Sb-126 By 9.8968E - 12 0.00%
Se-79 B 6.6335E - 11 0.00%
Sm-147 o 2.4627E - 11 0.00%
Sm-151 By 8.1007E - 07 0.01%
Sn-119m By 3.5597E - 17 0.00%
Sn-121m B,y 1.2894E - 11 0.00%
Sn-126 Y 5.8964E - 10 0.00%
Sr-90 B 1.3723E - 03 12.58%
Tc-98 By 1.4141E - 16 0.00%
Tc-99 B 1.9733E - 09 0.00%
Te-125m B,y 1.3600E - 09 0.00%
Th-227 By 1.6123E - 11 0.00%
Th-228 o,B.y 3.7395E - 06 0.03%
Th-229 o,B.y 1.3657E - 11 0.00%
Th-230 oB.y 6.9393E - 06 0.06%
Th-231 By 4.4093E - 12 0.00%
Th-232 o,B.y 3.7395E - 05 0.34%
Th-234 B,y 2.3427E - 09 ' 0.00%
T1-207 By 0.0000E + 00 0.00%
TI1-208 By 0.0000E + 00 0.00%
T1-209 B,y 0.0000E + 00 0.00%
U-232 By 1.6044E - 08 0.00%
U-233 o,f.y 1.5364E - 10 0.00%
U-234 oy 3.6167E - 05 0.33%
U-235 oy 6.6140E - 07 0.01%
U-236 o,B,y 1.2128E - 06 0.01%
U-238 oB.y 1.1713E - 05 0.11%
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Table C-3. (continued).

Dose Rate For Inhalation
Radionuclide Radiations Emitted (mrem/h) % of Total Dose Rate
Y-90 B 9.1509E - 06 0.08%
Zr-93 B 3.4264E - 08 0.00%
Totals 1.0907E - 02 1.0000E + 00
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Table C-4. Evaluation of radionuclide contribution to internal dose from inhalation.

Dose Rate For
Ingestion % of Total Dose

Radionuclide Radiations Emitted (mrem/d CEDE) Rate
Ac-225 0By 2.5607E - 13 0.00%
Ac-227 o,B,y 2.5550E - 08 0.00%
Ac-228 B,y 1.9477E - 08 0:00%
Ag-108m B,y 3.3314E - 07 0.00%
Am-241 By 7.4479E - 03 2.26%
Am-242m o,B,y 1.4121E - 08 0.00%
Am-243 By 1.0438E - 07 0.00%
Be-10 B 2.8553E-13 0.00%
Bi-210 By 1.4805E - 07 0.00%
Bi-211 B,y 6.3876E - 12 0.00%
Bi-212 B,y 7.7907E - 09 0.00%
Bi-213 B,y 1.8291E - 15 0.00%
C-14 B,y 5.9221E- Q09 0.00%
Cd-109 By 1.2807E - 10 0.00%
Cd-113m B.y 2.0256E - 05 0.01%
Ce-144 B,y 5.6442E - 08 0.00%
Cm-243 By 8.8831E - 10 0.00%
Cm-244 0By 4.5096E - 07 0.00%
Co-57 By 2.3076E - 10 0.00%
Co-60 B,y 24173E-04 0.07%
Cs-134 B,y 4.0047E - 05 0.01%
Cs-135 B 1.2790E - 08 0.00%
Cs-137 B,y 6.1084E - 02 18.53%
Eu-152 By 3.0236E - 04 0.09%
Eu-154 B,y 4.1042E - 04 0.12%
Eu-155 B.y 1.1027E - 05 0.00%
Fr-221 0B,y 0.0000E + 00 0.00%
Fr-223 By 3.5770E - 12 0.00%
H-3 B 1.5488E - 07 0.00%
Ho-166m By 6.7505E - 15 0.00%
1-129 By 6.4900E - 05 0.02%
K-40 By 4.7925E - 05 0.01%
Nb-93m Y 7.1382E - 07 0.00%
Nb-94 B,y 5.5194E - 11 0.00%
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Table C-4. (continued).

Dose Rate For
» Ingestion % of Total Dose

Radionuclide Radiations Emitted (mrem/d CEDE) Rate
Np-237 o,B.y 3.2152E-04 0.10%
Np-238 By 5.4500E - 14 0.00%
Np-239 By 4.1753E - 11 0.00%
Pa-231 B,y 8.7245E - 08 0.00%
Pa-233 B,y 1.0889E - 08 0.00%
Pa-234 B,y 3.4275E - 13 0.00%
Pa-234m By 0.0000E + 00 0.00%
Pb-209 By 6.4017E - 16 0.00%
Pb-210 oy 1.9740E - 04 0.06%
Pb-211 oy 5.1101E - 13 0.00%
Pb-212 o 4.8692E - 07 0.00%
Pb-214 oy 1.3160E - 08 0.00%
Pd-107 B 5.0987E - 11 0.00%
Pm-146 By 0.0000E + 00 0.00%
Pm-147 B 1.9081E - 06 0.00%
Po-210 o,y 3.9481E - 05 0.01%
Po-211 oy 0.0000E + 00 0.00%
Po-212 a 0.0000E + 00 0.00%
Po-213 o 0.0000E + 00 0.00%
Po-214 Y 0.0000E + 00 0.00%
Po-215 o 0.0000E + 00 0.00%
Po-216 o 0.0000E + 00 0.00%
Po-218 o 0.0000E + 00 0.00%
Pu-236 o,B,y 6.9116E - 10 0.00%
Pu-238 B,y 6.4834E - 02 19.66%
Pu-239 o,B,Y 2.0820E - 03 0.63%
Pu-240 o,B,Y 4.6880E - 04 0.14%
Pu-241 o,B.y 3.9940E - 04 0.12%
Pu-242 o,y 7.5206E - 08 0.00%
Ra-223 o,B,y 1.0220E - 09 0.00%
Ra-224 o,B,y 1.7279E - 08 0.00%
Ra-225 By 1.6004E - 12 0.00%
Ra-226 B,y 5.9221E - 05 0.02%
Ra-228 B 1.9477E - 05 0.01%
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Table C4. (continued).

Dose Rate For
Ingestion % of Total Dose

Radionuclide Radiations Emitted (mrem/d CEDE) Rate
Rb-87 B 2.7873E - 12 0.00%
Rh-102 B,y 1.2387E - 11 0.00%
Rn-219 0B,y 0.0000E + 00 0.00%
Rn-220 oY 0.0000E + 00 0.00%
Rn-222 oY 0.0000E + 00 0.00%
Ru-106 B,y 1.5177E - 08 0.00%
Sb-125 By 1.1591E - 06 0.00%
Sb-126 By 1.0309E - 08 0.00%
Se-79 B 6.9099E - 08 0.00%
Sm-147 o 5.1307E - 11 0.00%
Sm-151 By 8.4382E - 06 0.00%
Sn-119m By 1.2360E - 14 0.00%
Sn-121m By 2.2385E - 09 0.00%
Sn-126 Y 1.2284E - 07 0.00%
Sr-90 B 1.9060E - 01 57.81%
Tc-98 B,y 44189E - 14 0.00%
Tc-99 B 3.5972E - 07 0.00%
Te-125m By 5.6669E - 07 0.00%
Th-227 0By 5.0385E - 11 0.00%
Th-228 By 6.4922E - 06 0.00%
Th-229 0B,y 2.1339E - 11 0.00%
Th-230 0By 1.0843E - 05 0.00%
Th-231 By 6.8896E - 09 0.00%
Th-232 o.B,y 5.5648E - 05 0.02%
Th-234 B,y 1.6268E - 06 0.00%
TI-207 By 0.0000E + 00 0.00%
T1-208 By 0.0000E + 00 0.00%
T1-209 B,y 0.0000E + 00 0.00%
U-232 o.B,y 6.6850E - 08 0.00%
U-233 o,B,y 6.4017E - 10 0.00%
U-234 oY 1.5070E - 04 0.05%
U-235 o,y 2.7558E - 06 0.00%
U-236 By 5.0534E - 06 0.00%
U-238 0B,y 4.8805E - 05 0.01%
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Table C-4. (continued).

Dose Rate For
Ingestion % of Total Dose
Radionuclide Radiations Emitted (mrem/d CEDE) Rate
Y-90 B 7.1491E - 04 0.22%
Zr-93 B 2.1415E - 07 0.00%
Totals 3.2970E - 01 1.0000E + 00
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Appendix D

Supplemental Nonradiological Risk Calculations
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Appendix E

Emissions of VOCs from Water to Air
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Appendix E

Emissions of VOCs from Water to Air

A model presented in the U.S. Environmental Protection Agency (EPA) Air Emissions Models for
Waste and Wastewater document (EPA 1994) was used to estimate emissions of VOCs released through
volatilization into ambient air from water in an uncovered sump. The model used to estimate emissions
from the liquid surface is based on an overall mass transfer coefficient that incorporates two resistances to
mass transfer in series, the liquid-phase resistance and the gas-phase resistance (EPA 1994).

The liquid surface area (that is, the evaporation pond) was assumed to be a 320-foot by 170-foot
area. The emission model equations used are derived from standard equations for quiescent surfaces with
flow (EPA 1994, Section 5.2) to determine the emissions. For aqueous systems, the relationship

describing mass transfer of a volatile constituent from the open liquid surface to the air is shown in
Equation (E-1):

E=KxAxC, (E-1)

Where:

E = Air emissions from the liquid surface (g/s)

K = Overall mass transfer coefficient (m/s)

A = Liquid surface area (m2)

C,, = Concentration of constituent in the liquid phase (g/m’).

The overall mass transfer coefficient (K) is estimated from a two-phase resistance model that is
based on the liquid-phase mass transfer coefficient (k. in m/s), the gas-phase mass transfer coefficient (kg

in m/s), and Henry’s law constant in the form of (K,,). The two resistances act in series and the overall
resistance is expressed in Equation (E-2) as:

1

1
—_ + _— _
kL kG Keq (E 2)

1
K
Where:

K = Overall mass transfer coefficient (nm/s)

k; = Liquid-phase mass transfer coefficient (m/s)
kg = gas-phase mass transfer coefficient (m/s)

K., = Equilibrium constant (Henry's Law constant).

The k; is derived to provide the liquid-phase mass transfer portion of the entire overall mass
transfer coefficient. The k; is assumed to be constant for windspeeds below 3.25 m/s (EPA 1994). These
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calculations are documented in Table E-1 located at the end of this appendix. The liquid mass transfer
coefficient is calculated as follows in Equation (E-3):

21/3

DW
k, = ‘5—_’ (E-3)

ether

Where:

k; = Liquid-phase mass transfer coefficient (m/s)
D,, = Diffusion coefficient of ether in water (cm?/s)
D,,..r = Diffusion coefficient in water (cmzls).

The kg is derived to provide the gas-phase mass transfer portion of the entire overall mass transfer
coefficient as shown in Equation (E-4):

k. =48210° U S¢. " d " E4)

Where:

kc = Gas-phase mass transfer coefficient (m/s)
U = Windspeed (m/s)

SCg = Schmidt number on gas side

d, = Effective diameter of source (m)

A = Area of the source (m?).

The effective diameter of the source is calculated as follows in Equation (E-5) (see Table E-2
located at the end of this appendix):

4 A\
d,=| — E-5
(nj )

Where:

d, = Effective diameter of source (m)

A = Area of the source (m”) (based on a 20-ft x 5-ft area).
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The Schmidt number is calculated as follows in Equation (E-6) (see Table E-2):

u
—_ G
SCG

- (E-6)
p G D a

Where:

Ses = Schmidt number on gas side

ug = Viscosity of air (g/cm-s)

pc = Density of air (g/cm?)

D, = Diffusion coefficient in air (cm2/s).

Table E-2 provides calculated values for mass transfer coefficients for all of the volatile
compounds identified in the design inventory, and the specific parameter values for each chemical.

Box Model

Concentrations in air from emissions from an area source (such as surface flux emissions) are
expected to be highest at the source, and decrease with increasing distance from the source. Therefore, the
screening-level approach for evaluating concentrations in ambient air from emissions from water involves
calculating concentrations over the source area. EPA has recommended use of a “box” model for
calculating concentrations in air over an area source (EPA 1986; 1991). In the box model, the
concentration in air within a defined box is proportional to the emission rate and the wind speed across
the source area as shown in Equation (E-7):

C = OxAx1,000mg/g
¢ LxVxH

(E-7)

Where:

Ca = Concentration in air (mg/m3)

Q = Emission rate (g/m?2-s)

A = Surface area of the source area (m?)
H = Mixing height (m)

V = Average windspeed within the mixing zone, assumed to be 0.5 the windspeed at the mixing
height (m/s)

L = Width of the surface area perpendicular to the wind direction (m).

A summary of air concentrations calculated using the box model is provided in Table E-3 located
at the end of this appendix.
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Table E-3. "Box" model - ambient air concentrations.

Q *1000

=LxVxH

Parameter Symbol Value
Concentration (mg/m3) C
Emission rate (g/s) Q See Table A-1
"Box" Length perpendicular to
wind direction (m) L 51.82
Wind speed (m/s) \ 2
"Box" Height (m) H 2
Chemical Q (g/s) C (mg/m3)
1,1,1-Trichloroethane 3.36E-04 1.62E-03
1,1,2,2-Tetrachloroethane 3.92E-17 1.89E-16
1,1,2-Trichloroethane 7.39E-06 3.57E-05
1,1-Dichloroethane 1.47E-10 7.11E-10
1,1-Dichloroethene 2.39E-10 1.15E-09
1,2,4-Trichlorobenzene 2.19E-08 1.06E-07
1,2-Dichlorobenzene 4.48E-116 2.16E-115
1,2-Dichloroethane 2.86E-11 1.38E-10
1,2-Dichloroethene (total) 6.81E-08 3.28E-07
1,3-Dichlorobenzene 5.13E-08 2.47E-07
1,4-Dichlorobenzene 2.59E-06 1.25E-05
2-Butanone 1.42E-04 6.86E-04
2-Chloronaphthalene 1.52E-13 7.35E-13
2-Chlorophenol 6.70E-182 3.23E-181
2-Methylnaphthalene 8.43E-04 4.07E-03
2-Nitroaniline 8.45E-04 4.08E-03
3-Nitroaniline 8.45E-04 4.08E-03
4-Methyl-2-Pentanone 2.73E-38 1.32E-37
4-Nitroaniline 8.45E-04 4.08E-03
Acenaphthene 1.51E-14 7.28E-14
Acenaphthylene 1.60E-11 7.74E-11
Acetone 9.37E-115 4.52E-114
Acetonitrile 8.52E-35 4.11E-34
Acrolein 9.78E-39 4.72E-38
Acrylonitrile 1.59E-27 7.65E-27
Anthracene 5.51E-12 2.66E-11
Benzene 1.77E-06 8.54E-06
bis(2-Chloroethyl)ether 4.87E-10 2.35E-09
bis(2-Chloroisopropyl)ether 7.36E-11 3.55E-10
Carbon Disulfide 2.89E-297 1.39E-296
Chlorobenzene 1.79E-09 8.63E-09
Chloroethane 9.57E-52 4.62E-51
Chloromethane 4.15E-04 2.00E-03
Dibenzofuran 3.45E-37 1.66E-36
Ethylbenzene 2.09E-10 1.01E-09
Methyl Acetate 2.30E-06 1.11E-05
Methylene Chloride 5.12E-44 2.47E-43
Naphthalene 1.55E-17 7.50E-17
Nitrobenzene 4.81E-10 2.32E-09
Styrene 6.52E-14 3.15E-13
Tetrachloroethene 1.89E-06 9.12E-06
Toluene 2.54E-32 1.23E-31
Trichloroethene 6.45E-06 3.11E-05
Xylene (ortho) 5.51E-23 2.66E-22
Xylene (total) 4.90E-20 2.36E-19
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